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Introduction

Many fish populations in the San Francisco Bay-Delta system are in serious decline,
including winter-run Chinook salmon (Onchorhynchus tshawytscha), the striped bass (Morone
saxatilis), the Sacramento Splittail (Pogonichthys rnacrolepidotus), the Longfin Smelt
(Spirinchus thaleichthys), the Delta Smelt (Hypomesus transpacificus), Steelhead
(Onchorhychus mykiss), sturgeon (Acipenser spp). and surfperch (Embiotocidae) (Herbold et
al., 1992). The reasons for these declines are unclear, as there are numerous anthropogenic and
natural factors that could potentially affect fish populations (e.g., see Foe, 1995; Moyle et. al,
1992; Laevastu, 1993). Water flow through the Delta is correlated with several population
fluctuations, but the mechanisms that link such flow to healthy populations (e.g., better food
production, greater contaminant dilution, etc.) and the role that other factors may play is not
clear. In order for CALFED to restore fish populations in the system, a better understanding of
the mechanisms causing these declines is needed.

Previous and ongoing monitoring bioassays have identified that acute toxicity to aquatic
organisms occurs at certain times and places in the system (Ogle et al., 1996, 1998; Fox and
Miller 1996), which in turn suggests that chronic toxicity, including both mortality and sublethal
effects (e.g., reproductive effects) probably exists, and could be widespread. If widespread
chronic toxicity to fish exists, as seems likely, then it is almost certain that such toxicity has
contributed to the observedfish population declines, and if these fish populations are to be
restored to their former abundance and health, then such chronic toxicity must be identified and
remediated.

While monitoring for chronic toxicity through the use of toxicity testing (i.e., bioassays)
will be an essential component of any evaluation of chronic tooxicity in the estuary, it must also
be recognized that chronic contaminant effects on fish can be varied, depending on their
accumulation and metabolism of contaminants, and the extent of exposure can be identified
through careful application of sublethal indicators, such as biomarkers (e.g., Spies et al., 1996).
The existing data on trace substances and contaminants in the Bay-Delta water sediment and fish
tissues are insufficient to characterize the risk to fish resources, because: 1) the data are not
comprehensive enough in space and time; 2) chemical measurements are insufficient in many
instances to characterize risk, even direct measurements of chemicals in tissues (Iannnuzzie et al,
1995); 3) most chemical measurements include all the chemical forms, including those that are
not biologically available and non:toxic; 4) many potential toxicants are not being measured in
the existing monitoring programs; and 5) many areas of the estuary, particularly within the Delta,
are not being monitored for either contaminants or toxicity by the existing monitoring programs.
Biomarkers have been used extensively to evaluate the exposure and effects of multiple
environmental contaminants, as they accurately integrate the accumulation of biologically active

D--061 61 0
D-061610



contaminants from all of the exposure pathways, usually cost less than contaminant analyses, and
can serve as an "early-warning" system for more drastic effects of contaminant exposure (Teh et
al., 1997). Biomarkers are most usefully applied within the context of more general studies of fish
health and to rule in or rule out exposure and effects from contaminants for species of concern.

Acute and Chronic Toxicity Assessment

The effects of contaminants can be expressed in larvae, juvenile and adult fish in a variety
of ways: behavioral modifications, atrophied tissues, histopathological alterations, reduced
fecundity, slower growth, greater energy consumption, etc. However, the maintenance of
populations requires high survival of individuals through healthy growth and reproduction,
particularly from gametogenesis through juvenile stages. Therefore, to understand how
contaminants may affect survival, growth and reproduction, biomarker analyses, both of exposure
and effect, must be linked as well to these higher order physiological processes. The early st.ages
are also the most sensitive life stages (Rosenthal and Alderdice 1976), indicating that the
emphasis of any chronic fish toxicity studies should ultimately be on growth and reproduction.
Survival through these stages reflects the ability of the aquatic ecosystem to maintain healthy
populations. The adult stages are also subject to a variety of potentially lethal stresses (low
oxygen, toxic blooms, fishing, predation, water diversions), but it is the quality of the
environment for reproduction and survival through early life stages that is key to maintaining or
restoring healthy fish populations. A healthy environment for fish has both good habitat and good
water quality. Good water quality depends on having concentrations of contaminants that do not
interfere with the general health, particularly growth and reproduction, especially through larval
and juvenile stages.

For the past 20 years, diagnoses of problems in California aquatic environments have
relied on gross chemical analyses of water, tissues and sediments and short-term acute toxicity
testing. These are the necessary first steps in environmental protection, but they may not have
been sufficient to diagnose the subtler effects of chronic toxicity played out over multiple
generations of aquatic organisms

The Bay-Delta ecosystem receives a large variety of potential toxicants (Gunther et al.,
1987; Davis et al., 1992), including significant quantities of pesticides and metals, from
surrounding agricultural lands and suburban and urban landscapes, particularly in the Delta (e.g.,
Menconi and Cox, 1994). Moreover, the highest use of pesticides occurs in the late winter and
spring, when most of the above species reproduce (Adams et al., 1996) and are most susceptible
to contaminant impacts. Many of these contaminants can disrupt endocrine function, or otherwise
adversely impact fish embryos, larvae and juveniles. A study of larval striped bass in the
Sacramento River revealed chronic liver lipidosis, consistent with an effect of toxicants (Bennet
et al., 1995). A study of starry flounder (Platichthysflesus) showed that contaminants and
contaminant-induced enzymes are strongly linked to poor quality eggs, poor fertilization and
poor larval development in the Central Bay starry flounder population (Spies and Rice, 1988). In
addition, a recent study has pointed to alterations of sex steroid concentrations in carp that
correlate with dissolved pesticides in US river waters, including a strong hint that effects may
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occur in the SF Bay-Delta (Goodbred et al., 1997). Contaminants can alter endocrine function in
wild populations offish (Rolland et. al, 1997; Harries et al., 1996; Spies et al., 1998), and such
alterations may be expressed as poor egg quality, reduced fecundity, inhibition of spawning, and
reduced survival of eggs through hatching. Some overall assessment of the potential for
conditions in the system to affect growth and reproduction offish is needed as a step towards
rejecting the hypothesis that contaminants are important factors affecting populations of fish. Any
reproductive effects are probably mediated through endocrine disruption and may be widespread,
but there has been little follow up work that would indicate how pervasive such effects are in the
Bay-Delta system, i.e. in other species.

Although the last several years have seen great advances in our understanding of the
distribution and abundance of contaminants in the estuary (e.g., SFEI, 1995), there has not been
as much emphasis on the risk they might pose to the health of individuals and populations in the
ecosystem as a whole. Defining the average chemical contaminant field, as has occurred through
implementation of the Regional Monitoring Program (RMP) by the San Francisco Estuary
Institute, is a large step forward in understanding risk to the fauna and flora. In addition, a better
understanding of transient pulses of contaminants, particularly pesticides, that occur in the upper
Bay, Delta and rivers is being obtained. To complete the risk paradigm, we must determine the
degree of contaminant exposure, if there is link between exposure and sublethal and chronic
toxicity, and then use the exposure-effect relationships to determine the risks to fish populations
in the catchment of the estuary.

A comprehensive contaminant risk assessment for fish, particularly for chronic growth
and reproductive risks, in the Bay-Delta and its catchment is multi-dimensional. That is, there are
many different chemicals that enter the system. These chemicals enter at multiple points and at
certain times and undergo chemical change, absorption, and metabolism. They can enter the
aquatic environment as chronic sources, or as pulses of contaminated water that moves
downstream. The risks must be characterized to multiple species and the various life stages of
each species that are also heterogeniously distributed in time and space. There are, therefore,
chemical, biological, geographical and temporal complexities to the risk. Identifying the
populations at risk and the times and places of greatest risk is challenging indeed, as we still have
an incomplete picture of contaminants in the system.

Significance

The maintenance of healthy populations offish is dependent on successful adjustment to
constantly changing physical and biological conditions of the ecosystem. Contaminants may
compromise the ability offish and other aquatic organisms to survive other stresses in the system.
Ultimately, fish that are unable to compensate for additional stress will show reductions in
survival, growth and reproduction. Building on related efforts to better define the contaminant
field in time and space, studies that identify contaminant effects (utilizing biomarkers relating
exposure to growth, reproduction and, ultimately, survival) will help us identify and remediate
situations where fish species are at risk.

Recommendations
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1. Review and interpret existing information with respect to the probability of chronic toxicity to
priority fish populations, particularly with respect to growth and reproductive impacts. Also,
identify resident fish that are amenable to chronic toxicity testing in the laboratory and
appropriate for field biomonitoring programs.

2. Improve the monitoring of ambient water chronic toxicity to fish through bioassays using
resident fish species (use of species currently at risk is not recommended), and monitoring of key
habitat areas not currently being monitored on a regular basis.

3. Develop assays for inhibition of growth and reproduction offish using a convenient species
(may not be a species at risk) in order that waters collected in a large number of places and at
different times may be assessed for risk

4. Identify biomarker responses, including biomarkers of exposure, growth and reproductive
health, in laboratory held-fish exposed to contaminated water..

5. Assess any chronic growth and reproductive impairment that may be occurring in priority fish
populations. Biomarkers should be used to establish what links may exist between contaminant
exposure and impaired growth and reproduction.
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